In patients with tuberculous chest infections caused by intracellular Mycobacteria elevated serum neopterin levels could be found. In the present study neopterin levels were elevated in 5/6 patients with proven tuberculous bone infections as well. Neopterin determinations in serum were especially helpful for the drug monitoring of these patients. After a sufficient antituberculous therapy initially elevated neopterin levels decreased and remained within normal range. Persistent elevation of neopterin may be a hint for a resistance of the Mycobacteria.
Introduction
Elevated levels of neopterin are related to activated cell-mediated immune response (T cell/ macrophage system) and are found especially in infections caused by viruses and intracellular bacteria and parasites (1 , 2). In patients with tuberculosis caused by intracellular Mycobacteria elevated neopterin levels could be found as well (3) . Hosp et af. measured serum neopterin concentrations in patients with tuberculous chest infections, 55% of them being seropositive for HIV type I as well. Serum neopterin was elevated in HIV positive group in 93%, in HIVnegative group in 83% (4) .
Mycobacterial bone intections can be caused by many species. M. tuberculosis and M. leprae a re obligate pathogens, whereas all other species are opportunistic organisms. Of these opportunistic M ycobacterium species, the nonspecific species (e.g. M. avium intracellulare) can cause osteomyelitis very similiar to that of M . tuberculosis (5) . Tuberculous bone infections often occur decades after primary §Corresponding address: C linic of Orthopaedic Surgery. Klinikum Ingolstadt. Krumcna uer str. 25. 1)--85049 Ingolstadt. Germany Pteridines / Vol. 5 / No.2 chest infection or Th infection is even unknown in history. The onset of symptoms is insidious and often occurs many months after the initial seeding. Back and/or abdominal pain are common complaints of spinal involvement. Because of the insidious onset, vague complaints and few objective findings, dignosis is often delayed (5) . It can last weeks before cultures are positive for Mycobacteria. In our current study we wanted to evaluate neopterin as a marker for the detection and the monitoring of treatment of tuberculous bone infections.
Patients and Methods
Between 1990-1993 9 patients (7 women, 2 men, age 25-85 years) with specific bone infections were treated in the Orthopaedic Clinic of RWTH Aachen. 2 patients suffered from tuberculous coxitis, 7 from tuberculous spondylodiscitis. In 6 patients the following biochemical markers were measured in serum: neopterin, C-reactive protein (CRP), fibrinogen, erythrocyte sedimentation rate (ESR) and white blood cell count (WBC).
In all cases tuberculosis was proven by positive cultures and histology, respectively. In 6 cases My- L'rr er limit 10 5 4.5 10/20 9 o t no ml al cobacterium tuberculosis was found as infectious agent. In 2 cases osteomyelitis was caused by a combination of Mycobacterium avium intracellulare and Mycobacterium tuberculosis and in I case only by Mycobacterium avium intracellulare. All patients received tuberculostatic therapy, two of them combined with surgical treatment.
Neopterin was determined in serum by radioimmunoassay (1M MUtest Neoterin, Henning Berlin. Germany). This assay is based on the double antibody technique using a pre-precipitated antiserum and a 1251-neopterin tracer. In accordance with Honlinger et al. (6) , serum neopterin levels in excess of 10 nmol/I were considered pathological. The acute-phase protein CRP was determined nephelometrically using Na-Latex-CRP-reagent (Behring. Marburg, Germany). The upper limit of the normal range was 5 mgll.
Fibrinogen was determined by the method described by Clauss (7) . Fibrinogen levels >4.5 gil were considered pathological.
Leukocytes were counted using a Coulter STKS (Coulter, Krefeld, Germany). The upper limit of the normal range was 9 Gil. ESR was determined by the Westergren method in a normal glass capillary with citrated whole blood. The limit for ESR in men and women was 10 mm according to Westergren for I-hour value. 20 mm for 2-hour value.
Results
Neopterin levels were initially elevated in 5/6 patients with tuberculous bone infections and CRP in 
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~ Neopl . , l n (nm::..J Figure 2 . Levels of neopterin, CRP and fibrinogen in a 35-year-old patient (E.e.) suffering from tuberculous spondylodiscitis before and after antituberculous therapy.
4/6 patients, whereas the other acute phase protein fibrinogen was normal in 4/6 cases. In 5/6 patients ESR was increased, WBC within normal range (Table I). Neopterin was especially a helpful marker for the monitoring of treatment with tuberculostatic drugs. After a sufficient treatment of tuberculous bone infections neopterin levels decreased and remained within normal range (Figure 1-3 ). In one patient (A.K., 87 years) with a spondylodiscitis caused by M. avium intracellulare being resistent against the given tuberculostatic therapy neopterin was persistently elevated (27 nmol/I), whereas CRP was only slightly elevated (9.9 mgll) (Figure -l) . In another patient with tuberculous coxitis (E .Z .. agent. After 6 months of tuberculostatic therapy neopterin was still slightly beyond normal range (10-12 nmol/l). CRP was not elevated ( Figure 5 ). In a second biopsy of the infected hip resistant M. avium intracellulare was found as well.
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Discussion
Neopterin is a useful marker for the screening of potential blood and spongiosa donors because neopterin levels are already e!e\ateo hdore HIV-antibodies are produced by HI\"-infected patients (6. 8. 9). Unspecific bone infection" arc mainly caused by Staphylococcus aureus (I n. I I). followed by E. coli. Staphylococcus epidermidis. Pseudomonas aeruginosa and Streptococci. In unspecific osteomyelitis of the limbs neopterin achieved only a poor diagnostic sensitivity of 26% compared to other inflammation markers: CRP 71%. PMN elastase 69%. ESR 89%. Only WBC achiewed a poorer diagnostic sensitivity in bone infections (16%) (12) . Bone infections caused by Mycobacteria are rarely found in European countries today. although incidence of tuberculosis is increasing again. A significant feature of Mycobacterial osteomyelitis. especially infections of spine. is the long interval between the onset of symptoms and the establishment of the diagnosis. In the diagnosis of tuberculous chest infections neopterin achieved a high diagnostic sensitivity of 83%. Mean elevation of neopterin levels in serum was 20.5± 3.3 nmol/l in patients with pulmonary tuberculosis (4). Neopterin concentrations did not correlate with the extent of pulmonary lesions according to radiological findings (4) . In the present study serum neopterin levels were elevated in 5/6 patients with proven Mycobacterial bone infections as well. Despite of the small number of patients neopterin seems to be a helpful marker for the diagnosis of Mycobacterial bone infections. Neopterin determinations are especially helpful for the drug monitoring of patients with tuberculous bone infections. After a sufficient antituberculous therapy initially elevated neopterin levels in our patients with tuberculous bone infection decreased and remained within normal range. Persistent elevation of neopterin may be a hint for a resistance of the Mycobacteria. Hosp el al. described significant lower neopterin levels at the end of antituberculous treatment in patients with pulmonary tuberculosis as well and found a correlation between neopterin levels and activity of pulmonary tuberculosis (e.g. fever, anaemia). Patients with normal neopterin levels at the end of antituberculous therapy were more likely to remain well during the follow-up period of 12 months (4).
